produced an initial marked increase in contraction which was shortly followed by a decrease in contraction and an increase in tone. The muscles developed contracture within 15 to 20min. This concentration of ouabain inhibited the (Na+-K+)-ATPase completely. These results suggest that there is a relation between the inhibition of the (Na+-K+)-ATPase and shortening of action potential duration associated with an increase in contraction. Human papillary muscles seem to be very sensitive to the effect of ouabain. Part of the difficulty in deciding about the above relationships between APD, contraction and ATPase activity arises from the failure of a single investigator to carry out the relevant measurements in the same preparation.
It is, therefore, proposed to study the relationship between the positive inotropic effects of ouabain and the changes in the configuration of transmembrane potential and Na+-K+-stimulated membrane ATPase produced by ouabain, by studying in the human papillary muscle preparation, the transmembrane potential, contraction and ATPase activity. Human papillary muscle has been chosen because it is important to find out the effect of drug in human heart which has been changed by pre-existing heart disease and this might provide information which has therapeutic significance in the patients suffering from heart disease. 
METHODS

RESULTS
Effect of ouabain (10-7M.) on the transmembrane potential and contraction with respect to time: The effects of ouabain in the concentration of 10-7M on the transmembrane potential and contraction were recorded for a period of 75min. A representative recording of the changes in the transmembrane action potential and contraction from a single muscle with such treatment is shown in Fig. 1 . Sequential changes in the action potential duration and the force of contraction of such treated muscles are shown in Fig. 2 . Within 10min. there was a marked shortening of the duration of the action potential at all levels of repolarization and a marked increase in the force of contraction. The progressive shortening of the duration of the action potential was associated with a progressive increase in the contraction, and both of these changes were maximum within 30 to 45min. As shown in Fig. 1 , there was a decrease in the resting potential as well as in the overshoot of the action potential. After 30 to (APD) at 25% and 50% levels of repolarization, contraction and Na+-K+-ATPase activity of papillary muscles with respect to time. Each point on the curve for APD and contraction is the mean value of 9 muscles, while that for ATPase activity is the mean value of 4 experiments. Vertical bar represents standard error. Action potential duration and Na+-K+-ATPase are expressed in absolute values while the contractility is expressed as percentage of control taken as 100 percent.
Curve A is the Na+-K+-stimulated ATPase in absence, while curve B is Na+-K+-stimulated ATPase in the presence of 10-7M ouabain.
(Note the increase in the inhibition of Na+-K+-ATPase with respect to time). Also note that the inhibition of the Na+-K+-ATPase is associated with the shortening of the action potential duration and an increase in the contraction.
45min. the force of contraction started decreasing and at the end of 60 to 75min. the conractility approached almost to control values. At this time the transmembrane potentials were markedly affected. There was a very marked decrease in the resting potential and the overshoot of action potential associated with a marked shortening of the action potential duration. Deterioration in all these parameters was progressive. In 3 papillary muscles, 10-7M oubain produced "after contractions" after 40min. of exposure. These after contractions were not induced by new action potentials (Fig. 3) . It was also PRASAD Jap.. Heart J. Note the appearance of "after-contractions" at 40min. observed that repeated washings with normal solution even for 2 hours could not bring back the contractility and transmembrane potential to control level (Fig. 4) . This was observed in 6 muscles. Effect of various concentrations of ouabain on action potential and contraction: In human beings cardiac glycosides are effective in very low doses. Ouabain 10-7M appeared to be toxic in the present series of experiments. It was therefore decided to use concentrations of ouabain which are either therapeutic of the duration of the action potential associated with an increase in the force of contraction appeared within 15min. and these changes gradually progressed to reach their maximum within 45min. after which either there was a slight further increase in the contraction and shortening of the action potential duration (Figs. 6 and 7) or a slight decrease in the contraction and increase in the APD (Fig. 5) . The shortening of the duration of action potential and increase in the force of contraction were dependent upon the concentrations of ouabain (Fig. 8) . Ouabain in the concentration of 10-11 and 10-10M did not produce any apparent change in the resting potential and overshoot of action Fig. 8 . Effect of various concentrations of ouabain on the action potential duration (APD) at 25% level of repolarization, contraction and Na+-K+-ATPase activity of human papillary muscles. Each point on the curve for APD and contraction is the average of 9 experiments, while that for ATPase activity is mean for 5 experiments. Vertical bar represents standard error. Action potential duration and Na+-K+-ATPase activity are expressed in absolute values, while contraction is expressed as percentage of control taken as 100 percent.
Contraction and APD shown in the figure have been measured after 45min. in ouabain. Note the inhibition of the ATPase is associated with the corresponding shortening of the action potential duration and the increase in the contraction Effect of varying concentrations of ouabain on (Na+-K+)-ATPase: Repke16) has reported that strophanthin in higher concentrations (10-7 to 10-4M) produced concentration-dependent inhibition of the (Na+-K+)-ATPase. He also demonstrated that lower concentrations (10-10 to 10-8M) of ouabain which are, in fact, in a therapeutic range, produced stimulation of the (Na+-K+)-ATPase. In the present series of experiments it was observed that ouabain produced an increase in the contraction in the concentration as low as 10-11M. It was therefore decided to study the effect of various concentration (10-12, 10-11, 10-10, 10-9, 10-7, 10-5, and 10-4M) of ouabain on the (Na+-K+)-ATPase of the human papillary muscles. Since near maximal contractility developed after 45min. exposure of the muscle to ouabain, the incubation period for ATPase activity was 45min. The results are summarized in Fig. 8 . Ouabain 10-12M produced neither stimulation nor inhibition of the (Na+-K+)-ATPase. Ouabain in the concentration of 10-5M completely inhibited the (Na+-K+)-activated ATPase. There was a concentrationdependent inhibition of the (Na+-K+)-activated ATPase.
DISCUSSION
The results with 10-7M ouabain on the duration of action potential, contraction and (Na+-K+)-ATPase activity of human papillary muscles indicated that there was a time dependent relationship between the inhibition of the (Na+-K+)-ATPase, shortening of the action potential duration and the increase in the cardiac contraction. With the progressive inhibition of the (Na+-K+)-ATPase there was a concomitant progressive shortening of the action potential duration and an increase in the contraction (Fig. 2) . The results also indicated that ouabain 10-12M was not effective in producing any change in the transmembrane potential, contraction and (Na+-K+)-ATPase activity. Ouabain in the concentration of 10-12 to 10-7 produced a concentration-dependent inhibition of the (Na+-K+)-ATPase, shortening of the action potential duration and increase in the cardiac contraction. Ouabain 10-5M completely inhibited the (Na+-K+)-ATPase and produced inexcitability in the cardiac muscles.
The increase in the cardiac contraction associated with shortening of the duration of action potential produced by cardiac glycosides has been reported in various animal species.1),2),4),20),21) The initial increase in the duration of action potential associated with an increase in the contraction produced by ouabain as reported by Dudel and Trautwein8) in cat was never observed in the present series of experiments in any concentrations. Onset of inotropic effects in sheep ventricle5) and guinea pig auricle6) has been reported following cardiac glycosides prior to any observable changes in the configuration of action potential. In the present series of experiments ouabain in all the concentrations which increased contraction produced a shortening of the action potential duration. Not only that but also the increase in the contraction and shortening of the action potential duration were time and concentration dependent.
Lowest concentration (10-12M) of ouabain used in this series produced changes neither in the transmembrane potential nor in the contraction. In this context it is worthwhile mentioning that low potassium, low sodium, and calcium13),22) which are known to inhibit membrane ATPase, have been reported to produce a shortening of the duration of action potential and increase in the force of contraction in cardiac muscle of man23),24) and guinea pig.20), 25) In toxic concentrations the cardiac glycosides have been reported to produce disturbances in the configuration of transmembrane potential.5) The i nitial change was a decrease in the total duration of action potential, made of a diminished plateau and increase rate of repolarization. This was followed by a decrease in the magnitude of resting potential. This was followed by a The (Na+-K+)-ATPase of human heart seems to be very sensitive to ouabain. As low as 10-11M produced an appreciable inhibition of the (Na+-K+)-ATPase and the concentration of 10-5M completely inhibited the (Na+-K+)-ATPase. Strophanthin K in the concentrations of as high as 10-8M16) and 10-10M13) in guinea pig heart have been reported to stimulate (Na+-K+)-ATPase. These investigators observed that strophanthin K 10-5M produced approximately 75% inhibition only. Ouabain in none of the concentrations stimulated the (Na+-K)-activated ATPase as opposed to observed by various other workers.11)-16) The concentration 10-12M of ouabain which did not produce any change in the (Na+-K+)-ATPase also did not produce any change in the transmembrane potential and contraction. The concentrations of ouabain which produced an inhibition of the (Na+-K+)-ATPase also produced an increase in the contraction. These results are in agreement with those observed by Besch et al.10) and Akera et al.9) in dog heart in vivo.
Assuming the genesis of repolarization as a result of efflux of potassium during activity28) the shortening of the duration of action potential produced by ouabain might be due to an increased efflux of potassium because of an inhibition of the membrane (Na+-K+)-ATPase. An increased loss of potassium associated with the shortening of the action potential duration during positive inotropic effect of ouabain has been reported by Muller. The increase in the force of contraction produced by ouabain might be due to an increased influx of Ca++ and an increased availability of ATP, not utilized for the active transport of Na+ and K+, for cardiac contraction as a result of inhibition of membrane ATPase. Ouabain has been shown to increase the rate of Ca++ uptake by cardiac tissue.31)-33) Also an increased efflux of K has been reported to be associated with an increased access of Ca++ to the contractile site.34) Baker et al. 35 ) have demonstrated that an increase in the internal Na+ in squid axons increased the Ca++ influx. It seems that the inhibition of (Na+-K+)-ATPase is somehow related to the increased efflux of K+ and an increased influx of Ca++. Inhibition of (Na+-K+)-ATPase might increase the intracellular concentration of Ca++ by interfering with the uptake of Ca++ by sarcoplasmic reticulum.36) If this is the case the ouabain would increase the duration of contractile process, but cardiac glycosides have been reported to produce an increase in the rate at which tension or force develops.37) Thus, this mechanism of action of cardiac glycoside might be in question. Cardiac glycosides might increase the amount of Ca++ released from the reticulum by inhibiting the membrane ATPase. As a matter of fact, Chipperfield and Nayler38) have demonstrated an increase in the Ca++ release from reticulum by electrical stimulation. Inhibition of (Na+-K+)-ATPase would increase the intracellular Na+ concentration which in turn might release Ca++ from the membrane. Sodium ion has been demonstrated to release Ca++ from brain microsomes.39) The release of Ca++ from the cardiac sarcoplasmic reticulum or other particulates by sodium has not yet been demonstrated.
The present study demonstrated that ouabain inhibited the (Na+-K+)-ATPase isolated from human heart and this effect was associated with a shortening of the action potential duration concomitant with an increase in the force Vol.13 No.1
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of contraction.
